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The conduct ing i n  1962 of r a d a r  l o c a t i o n  o f  P l a n e t  Venus [I] 
by t h e  I n s t i t u t e  of Rzdio ?n?ineer inF and F J e c t r o n i c s  d o n - s i d e  

wi th  a s e r i e s  of o t h e r  or . -anizat ions f o r  t h e  eecond time * *  w a s  

a l r e a d y  r e p o r t e d  in the press .  The same, b u t  improved i n s t a l l a t i o n  

of  l9; l  w a s  used,  increwin . :  i ts  prec iEion  and r e l i a b i l i t y  [33. Owing 
t o  use at r e c e i v e r  i n p u t  o f  a paramamet ic  a m p l i f i e r  over a ruby crys- 

tal and t o  t r a n s m i t t c r , p o  e r  i n c r e r s e ,  t h e  s e n s i t i v i t y  o-  t h e  d e v i c e  

w a s  i nc reased  s i x - f o l & b  

s h i f t  of t h e  reflected Girnal  sue to Venus' and E a r t h ' s  motion ( t a k i n g  

account  of r o t a t i o n )  r iaE con:pensa-.,ed by proTram des i -n  v i t 3  the a i d  

of a s p e c i s l  device  so i t ch ine ;  the r e c e i v e r ' 6  heterodyne frecuency by 

s t e p s  of 0.2 cps.  

c o  pzr i son  with 1961. The Doppler f requency - 9  

*-he frec,uencg of' t h e  t r a n s m i t t e d  signal a t  every 4.W6 sec 
W C F  p e r i o d i c a l l - <  chan-ed by 62.5 cps  co  as to exclude t h e  EeEn noise 
l e v e l  i n  t h e  r ece ived  s i c n a l .  The frenuencg spe trum of Venue-reflec- 

e d  s i g n a l s  recorded  on a ma-netic tape, was i n v e s t i g a t e d  with t h e  help 
o f  a 2Gchanne l  analyzer, s i n i l a r  t o  t h e  one w e d  f o r  r a d e r  l o c a t i o n  

o f   enu us i n  1961 CP,, 43. 
The average spectrum fo r  20 sessions conducted from 20 October  

t o  21 December 1962, conct ruc ted  by tvve sum of mea~urements  i n  both ( *+)  

*LRW>IOLOKATSIONR~E NkBLYU3EMIYA VENE-EY V SOVETSKOM SGYUZE V 1962 GoDU.2 
_ .  * *  Each s e r s i o n  cons i s t ed  of t r - n s m i e s i o n  and r e c e p t i o n ,  whose l e n g t h  

W E S  about equa l  t o  t h e  tillie o --i,qnal p r o p g a t i c n  from Ear th  t o  Venus 
and r e tu rn  (4.5 - 7 min) .  
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f r equenc ie s  e l r i t t e d  by t h e  t r a n s m i t t e r ,  i s  p l o t t e d  i n  F i r s l a .  The 
a n a l y s i s  o f  t he  spectrum w a s  conducted by f i l t e r s  m i t h  a 1  cpe pass- 

band. The va lues  o f  t h e  tuniD%? frequent i e s  of t h e  ana lyze r  f i l t e r s  (f) 
r e l a t i v e  t o  t h e  frequency of t h e  c e n t r a  f i l t e r  (fo) are p l o t t e d  i n  

t h e  a b s c i s s a ,  and t h e  q u a n t i t y  p,  r e p r e F e c t i - . g  t h e  r a t i o  of  r e f l e c t e d  

s i g n a l ’ s  poner i n  t h e  band o i  each f i l t e r ,  t o  that i n  t h e  c e n t r a l  fil- 
t e r  band - i n  o r d i n a t e e .  The d o t t e d  1ir:e denote6 t h e  value of t h e  

mean-s:u r e  e r r o r  of  m2FurementE caused by no ices .  The spectrum of 

r e f l e c t e d  s i g n  1s EEQ be e?proxincted by t3e e:,ponential (Fir. 1 a )  : 

The c e n t r . 1  f i l t e r ,  i. :.f-.ich t h e  s iq ra l  l e v c l  i e  h i c h e r  t han  t h a t  

g iven  by t h e  f o r m l z  (11, c o n - t i t u t e s  ar except ion.  

The Venus’ r e f l e c t i o  f a c t o r ‘  measured by t h e  e n e r g  of  the 

r e f l e c t e d  s i g n a l s  i n  t h e  2 0  cps  band d u r i n g  tTrto months, v a r i e d  w i t h i n  

t h e  (12  + 18) % 
band wa6 2.5- 3 tirces l e P s  tl?a? t h e  t o t a l  energy. 

lilfits. The erer y of  r e f l e c t e d  s i g n a l s  i n  t h e  1 cps 

T h e  spectrum of t h e  aideband corponent o f  r e f l e c t e d  s i g n a l s  

observed  i n  1961, a8 a l ~ o  i n v e s i p t e d  i n  1362. c23. The t r a n s m i t t e d  

s i g n a l  c o n s i s t e d  then  o f  contiououE p e r i o d i c a l  s end ings  w’ ose  frequen- 

c i e s  d i f f e r e d  by 2000 cps ,  and t h e  d u r a t i o n  - by 4.096 s e c .  One of  
t h e  t r a n - z i t t e r - e m i t t e d  f r e  -uenc ie s  d id  no t  h i t  t h e  range of f r e q u e n c i e s  

of t h e  r e c e i v e r .  The a n a l y z e r ’ s  f i l t e r  paFs-band c o n s t i t u t e u  100 cps 
d u r i n g  t h e  i n v e s t i g a t j  on 01 t h e  xideband conyonent. 1:easurerenta of 1962 

p o i n t  t o  q u i t e  probEble a presence of w ideknd  copzonent i n  t h e  500 cps 

band, with ahout t h e  

number of s e s s i o n s ,  5 s  c o n ~ s r e c !  w i t h  1761, durinrr Fhich t h e  :arm of  

n o d u l a t i o n  0:  t h e  t r  nFmitted 6iqmJ.s ~ l l o v e d  t h e  i n v e s t i g a t i o n  of  t h e  

wideband component, t h e  ori.-in of t h e  l a t t e r  could no t  be r e l i a b l y  

e s t .  b l i s h e z .  

* Ratio of eneryy of r e c e i  e d  s i z n d s  t o  t h a t  oT s i g n a l s  r.hich would 
have  been i e c e i v e d ,  i f  Venus were a & m o t h ,  idea l ly-cond- lc t ing  €:here. 
* *  e x c l u d i n p  measlxexcents on 1: ‘ p r i l  19.1, &hen t h e  i n t e n s i t y  o f  t h e  
w i d e b a d  component wzs ~ o m c w i  E t  hi.;her t h a n  i n  o t h e r  dayz of 1~61. 

ace  i n t s n s i t y  a s  i n  19-1.** 9ecaufit o f  l e s e e r  
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A l i n e a r  f reouency modliLation WaE a p - J i e d  f o r  t he  measurement 

of  t h e  d i s t a n c e  from S z r t h  t o  Venus and the  d i s t r i b u t i o n  0 ’  e r e r g y  of 

t h e  r e f l e c t e d  s i g n a l  by remoteness i n  1762. The frenuency of  t r a n s m i t t e r -  

ezzit ted o e c i f i a t i o n s  *as p e r i o d i c a l l y  vary ing  i n  a s m - t o o t h  l i x e  man- 
n e r  by 4000 cps - E d i t h  a per iod  of 1 0 2 4 s e c .  Ovinr t o  t h e  a p T l i c a t i o n  of 
a er iecid.  c i r c u i t ,  r !ii -h l i n ~ a r i t y  0 -  f r s :  uency v a r i a t i o n  v:, s a t t a i n e d .  

Fig. L - a- - vcr? . - zctrurn of re f lec ted  s i r rna ls .  i cps f i l t e r  pass-band. 
6 - 
wi th  a f reauency modulation. F i l t e r  pass-Sand of 1 and 4 cps.  

D i s t r i b u t i o n  L-: r e n o t e n s s s  of t h e  ener,?;y of Venusv- re f l ec t ed  s i g n a l s  

C o r r e c t i o n s  were in t roduced  i n  t h e  modulation parameters  so as t o  con- 

pensa te  t h e  Doppler fr.  cuency s h i f t  caused by t h e  motion of Venus and 

02  the Zarth. A i  r e c e p t i o n  the rece iver:=  ‘neierociyne f requency also 
v a r i e d  i n  a saw t oo th  l i k e  fashion. A t  r e c e p t i o n  t h e  beginning  of modu- 

l a t i o n  a r s  s e t  with a p r e c i s i o n  t o  C.1aicrosecond r e l a t i v e  t o  t h e  begin- 

n i n c  of  nodu la t ion  a t  tranem5xsion by 2ec i  n i3ro;razri. If the former 
corresponded e x a c t l y  t o  t h e  f a c t u a l  t i m e  of si , .=nal a r r i v a l ,  t h e  s igna l  

f requency  a t  r e c e i v e r  ou tput  became h i y h e r  or lo-,-er than t h e  nominal. 

The c o r r e c t i o n  t o  t h e  cos :u ted  time of  s i . r n - 1  propagat ion  and t h e  d i s -  

t r i b u t i o n  of t h e  energy of  s i g n a l s  as a func t ion  of  remoteness o f  t h e  

r e f l e c t i n g  zone, ’:.ere deteriy‘ined by t h e  s h i f t  of  sp rd rua  of r e f l e c t e d  

s i g n a l  and it= parts. 
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The average spectrum of s igna l s  r e f l ec t ed  fron Venus with a 
frequency modulztion according t o  48 observation sess ions  conducted 

f ron  21 October t o  21 December 1962 is p lo t t ed  i n  Fig. 16 , Analysis 
was made with f i l t e r s  of 1 t o  4 cps pass-band. The same q u a n t i t i e s  are 

p lo t t ed  in ordina tes  of Fiz .18  as i n  1 a. The spectrum s h i f t  by fre- 
quency, which could be caused by non-coincidence of the beginning of 
heterodyne modulation and the a r r i v a l  of r e f l ec t ed  s i g n a l s  was elimi- 
nated by "heterodynization" of t h e  siynal a t  reproducing magnetic 

recordings 60 t h a t  i n  each session t h e  spectrum m a x i m m i  get i n t o  the  
same f i l t e r .  

P l o t t e d  a l s o  in the  Fig.14 is  the remoteness axis A R  with 

the  i d e a  t h a t  t h e  spectrum maximum corresponds t o  the r e f l e c t i o n  of 
a venus'point neares t  t he  "ar th ,  s i t u a t e d  i n  the center  of t4e v i s i b l e  

Fig, 2,-Variat ion or' the dietznce 
between the  Earth and Venus r e l a t i v e  
t o  t h e  computed value. 

1 - A = 149599000 km i 
2 - 
3 - A = 149598500 km; 

A = 149598000 km; 
4 - A = 149597500 km; 

The r e f l e c t i o n  i n t e n s i t y  
decreases with the increase 
of t h e  remoteness of t he  ref- 
l e c t i n g  sone, while a not ice  - 
able  r e f l e c t i o n  is still obser- 
ved in zones, remote by 1500 kaa 
r e l a t i v e  t o  p l ane t ' s  nearest 
p o i n t ,  whose diameter const i -  

t u t e s  about two-thirds of t h a t  

5f vcILlm_ net, 9f ?-* 0' :,, 
be approximated by the  hyper- 

bo la  ( see  Fig. 1 4 )  

p = 0.625 (f- io +0.625)O1 

(2) 

The r o t a t i o n  period of 
Venus was determined by compa- 

r i n g  the  conputed spectrum 

width of the  r e f l e c t e d  s igna l  obtained on the  bae i s  of Fig. 1 4  for d i f -  

ferent r o t a t i o n  per iods,  considering the s t r u c t u r e  of Venus' surface ae 
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i s o t r o p i c ,  with a spectrum width ob ta ined  exper imenta l ly .  The observed 

widening of t h e  s p c c t r m  must have been caused. f o r  two reasons: - b y  
Venus' own r o t a t i o n ,  which i s  cons t an t ,  and by apparent  Venus over- 

t a k i n g  by t h e  E a r t h ,  depending upon t h e i r  mutual p o s i t i o n .  The last 
component may be computcci t h e o r e t i c a l l y .  The exper imenta l  r e s u l t s  f o r  

t h e  time from 20 Cctober  t o  12 3ecenber 1962 show t h a t  i f  t he  axis of 
Venus' r o t a t i o n  i s  * c r p e n d i c u l a r  t o  the  e c l i p t i c  p l ane ,  r e v e r s e  r o t a -  

t i o n  ( r o t a t i o n  o s ? o e i t e  t o  the motion of Venus atiout t h e  Sun) with a 

p e r i o d  of 200 + 300 days i s  most l i k e l y .  

The r e s u l t s  o f  mepsureaents 0 7 -  t h e  d i s t m c e  between t h e  E a r t h  

and Venus' by t h e  l a3  of r e f l e c t e d  s i g n a l F  w i t h  a frequency modula- 

t i o n  a r e  p l o t t e d  i n  F i r .  2 .  Here A r  denotes  t h e  d i f f e r e n c e  between 

t h e  r e a l  and t . .e co;puted va lues  of t h e  d i s t a n c e  from a measuring 

p o i n t  t o  t h e  n e e r e s t  p o i n t  of -?enus' s u r f a c e .  The va lues  of mean-square 

e r r o r s  of measurements a r e  i n d i c a t e d  i n  the  7 igu re  n e a r  every experimen- 

tal poin t .  I n  t h e  u n i t  neasurenent  t h e  mean-square va lue  of  t h e  i n s t r u -  

menta t ion  e r r o r  did n o t  exceed 15 'xm. 

In t h e  c o r q u t a t i o n  of propagation t ime of r e f l e c t e d  s i g n a l s  

we admit ted:  - Astronomical Unit = 1495-9300 km; speed of l i g h t  = 
299.792.5 km/sec; Radius of Venus = 6100 km. 

i;;e i n d i c a t e d  by d o t t e d  l i n e 6  i n  the  F igure  how the  q u a n t i t y  Ar 
would vary ,  were the  r e a l  va lue  of  t h e  Astronomical Unit  equal t o  

A = 149 599 000, . . . 149507 500 'a and - the  ephemeride e r r o r s  absent .  

A t  A = 149 599 300 :a. t h e  r e s u l t s  of measurements shnidd c41?e5.de 

w i t h  t h e  a b s c i s s a  axis. 
The experimental  p o i n t s  g ra ,h i ca l ly  r ep resen ted  i n  the  graph 

c o i n c i d e  with n e i t h e r  of  t h e  computed cu rves ,  ah ich  must be ob ta ined  

i f  errors are contained i n  E a r t h ' s  and Venus' ephemerides,  accord ing  

t o  o-hich t h e  co:.putation of  t h e  propagat ion t ime is  made. The smooth 

cu rve  approxim. t ing  t h e  course! of experimental  p o i n t s  was ob ta ined  in 

t h e  assumption t h a t  t h e  value of t h e  Astromomical Unit A ~ 1 4 9  597 900 km, 
t h a t  t h e  r e a l  po::ition of t h e  c e n t e r  of  Venus i E  d i s p l a c e d  by 270 km 



along t h e  o r b i t  by motion (by 0.5 angular seconds i n  t h e  h e l i c e n t r i c a l  

system of c o o r d i n a t e s )  and t h e  r a d i u s  o f  Venus is by 80 km smaller 

t an t h e  va lue  t&en in t he  computation. 

The d i f f e r e n c e  betv:een the X.U. ob ta ined  by us  i n  1961 and 

t h a t  produced above, c o n s t i t u t e s  1400 km, P! - ich  is wi th in  t h e  l i m i t s  
o f  t h e  admission (~2000 km; i n d i c a t e d  Tor t h e  1961 mezsurements C21. 

* 
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Fig. 3. Envelope of t h e  Venus-reflected 
sipal : a - ckannel I:!ith r i p z l  ; 

of t h e  r e c e i v e r  on; 2 - beginning of 
t h e  r e f l e c t e d  simal; 3 - end of t h e  
r e f l e c t e d  s i g n a l ;  4 - swi t ch ing  off t h e  
r e c e i v e r .  

- c1:ennci n i t h o u t  s i g n a l ;  1 - swi tch  

If a s i d e  from t h e  above- 

i n d i c a t e d  v a r i a t i o n s  of 
o r b i t  parameters ,  o t h e r s  

a r e  made t o  vary  t o o ,  t h e  

v d u e  o f  t h e  A.U. may be 

somev-hzt d i f f e r e n t .  The t o t a l  

p rocess ing  of d a t a  rill pro- 

bably  a l low t o  allow, along- 

s ide  wi th  t h e  A.U. t o  make 
more p r e c i s e  Venus' epheme- 

r i d e s  also. 
'2e p l o t t e d  i n  Fig.  3 a  

t h e  diagram of t h e  envelope 

of  t h e  Venus-ref lected s i g n a l  

ob ta ined  on 24 November 1962,  when a n.n-modulating c a r r i e r  :as s t u d i e d  

d u r i n g  4.5 min. The pass-band of t h e  r e c e i v i n g  channel  to d e t e c t o r  

( t h e  l a t t e r  be ing  l i n e a r )  c o n c t i t u t e d  6 cps a n 3  t h e  time cons t an t  of 
t h e  i n t e g r a t i n g  c i rcui t  after d e t e c t o r  w a g  o f  6 s e c .  For com7arison 

re p l o t t g d  in Fig.  3 d t h e  d igram of t h e  noise  envelope f o r  a s i m i l a r  

channe l ,  s h i f t e d  by 62.5 c p s  in frequency, in which t h e r e  r a s  no s i s n a l .  

A s u f f i c i e n t l y  high signal t o  no i se  r a t i o ,  having  taken p l a c e  

when Venus w a s  n e a r  the  E a r t h ,  gave us  t h e  i d e a  t o  achieve  a radio- 
t e l e g r a p h i c  c o m e c t i o n  u s i n g  Venus as e pass ive  r e f l e c t o r .  The words 
" EIwp': "CCCP", ItLEBnBt' C r e s p e c t i v e l y  LEACE, USSR, LENIN 3 ucre  t r a n s -  

m i t t e d  in IJovember 1962. Cc p l o t t e d  i n  Fig.  4 t h e  form of t h e  word CCCP 

which covered t h e  t o t a l  pa th  of 85 m i l l i o n  km. 

. 

. 
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Fig. 4. - The word r'CCCP1l transmitted through Venus 
on 24 NOV. 1962. 
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